Germline stem cells are maintained in the distal region of the C. elegans gonad. These cells undergo mitotic divisions, and GLP-1/Notch signaling dictates whether they remain in this state. The somatic distal tip cell (DTC) caps the end of the distal gonad and is essential for maintenance of the germline mitotic zone. As germ cells move away from the DTC they exit mitosis and enter early meiotic prophase. Here we identify the Period protein homolog LIN-42 as a new regulator of germline development in C. elegans. LIN-42 is expressed in almost all somatic cells including the DTC, and LIN-42 functions as a transcription factor in the heterochronic pathway and to regulate molting. We found that the mitotic proliferative zone size in the distal gonad was significantly reduced by~25% in lin-42 mutants compared to WT N2 worms. A lin-42 mutation also reduced the mitotic proliferative zone size caused by glp-1 partial loss-of-function and gain-of-function alleles. LIN-42 mediates this effect, at least in part, by regulating expression of the GLP-1/Notch ligand LAG-2. We further show that lin-42 expression itself is regulated by ATX-2, which promotes germline proliferation and is the homolog of the RNA binding protein ataxin-2 that is implicated in human neurodegenerative diseases. Altogether our results establish a new role for the conserved, important Period protein homolog LIN-42 in regulating early germline development. These results also suggest that in addition to regulating behavioral rhythms, the circadian clock plays an important role in communicating environmental signals to essential reproductive pathways.
Introduction
Throughout development animals respond to environmental and physiological signals to properly regulate cell fates. In unfavorable conditions, organisms may stall development and sexual maturation. Within the germline, both external environmental cues, like nutrient availability, and local cues, like those from the stem cell niche, influence germ stem cell fate (Waters and Reinke, 2011) . The two gonad arms in C. elegans are each capped at their distal ends by a somatic distal tip cell (DTC), which is particularly important for regulating the germline stem cell niche (Kimble and Crittenden, 2007) . GLP-1/Notch signaling, which originates in the DTC, controls gonad maturation by regulating the germ cell transition from mitotic proliferation to gamete production via meiosis (Kimble and Crittenden, 2007) . The DSL family ligands APX-1 and LAG-2 are expressed in the DTC and bind to the GLP-1/Notch receptor, which is expressed on the surface of the germ cells (Greenwald and Kovall, 2013; Kimble and Crittenden, 2007) . This binding induces GLP-1/Notch signaling and thus continued mitotic proliferation (Greenwald and Kovall, 2013; Kimble and Crittenden, 2007) . As germ cells migrate away from the DTC, GLP-1/Notch signaling decreases and cells transition from mitosis into early meiotic prophase (Fox and Schedl, 2015; Kimble and Crittenden, 2007) .
The GLP-1/Notch signal is transduced by the LAG-1 transcription factor (Greenwald and Kovall, 2013) . Binding sites for LAG-1 are found in the nematode specific GLP-1/Notch signaling target genes sygl-1 and lst-1, as well as in the PUF RNA-binding gene fbf-2, and all three of these genes respond to GLP-1/Notch signaling (Lamont et al., 2004; Shin et al., 2017) . FBF-1 and the nearly identical FBF-2 (collectively FBF) bind the 3′UTRs of target mRNAs to inhibit their translation (Wang et al., 2018) . SYGL-1 and LST-1 are localized to the stem cell niche and interact with FBF to promote its activity (Shin et al., 2017) . Not only do FBF-1 and FBF-2 negatively regulate one another, they also target about 7% of the C. elegans protein-coding genes including GLD-1 and GLD-3, which are key regulators of meiotic entry (Brenner and Schedl, 2016; Eckmann et al., 2002; Kershner and Kimble, 2010; Lamont et al., 2004; Suh et al., 2009) 
